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Abstract

Purpose: To examine associations between perceived ease of syringe access, syringe sources, 

injection behaviors, and law enforcement (LE) interactions among people who inject drugs 

(PWID) in rural Appalachian North Carolina (NC).

Methods: Using respondent-driven sampling, a diverse sample of 309 self-reported PWID 

were recruited from rural Appalachian NC. Data were collected via audio computer-assisted 

self-interview technology from February 2019 through March 2020. Respondents reported 

demographics, sources of syringes, LE interactions, and injection behaviors. Univariate, bivariate, 

and linear regression analyses were performed.

Findings: Respondents most often obtained syringes from pharmacies and syringe service 

programs (SSPs). Twenty-one percent disagreed that it was easy to obtain sterile syringes, with 

28% reporting low or no access to an SSP. PWID who reported longer physical distances to an 

SSP had greater difficulty accessing syringes (P<.001). PWID who reported greater ease of access 

to syringes reported engaging in receptive syringe sharing less often (P<.01). PWID who were 

stopped and searched by LE more often reported injecting drugs somebody else prepared with 

nonsterile supplies more often (P<.01). Participants shared used injection supplies more than twice 

as often than they shared used syringes.

Conclusions: These results underscore the importance of SSPs to mitigate the spread of human 

immunodeficiency virus and viral hepatitis in rural areas. Supporting mobile SSP services in rural 
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areas could increase access to sterile syringes and injection supplies. SSPs should educate PWID 

about the importance of not sharing injection supplies. Pharmacies could increase syringe access 

in areas where SSPs do not operate.
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INTRODUCTION

Compared to the general US population, people who inject drugs (PWID) are at increased 

risk of overdose1 and acquiring human immunodeficiency virus (HIV), hepatitis C virus 

(HCV),2,3 and other infectious diseases, such as COVID-19.4 At least 2 million people in 

the United States live with untreated HCV,5 with the fastest growing rates among PWID: an 

estimated 41% of people with recent injecting drug use live with HCV.6 The recent growth 

of HCV rates especially among young, white, rural PWID is attributed to injection drug use 

(IDU) without adequate access to sterile injecting equipment.7 Approximately 1.2 million 

people in the United States are living with HIV, with 7% of newly diagnosed HIV infections 

being detected among PWID.8 Meanwhile, drug overdose deaths increased at a rate of 

more than 50% from 2013 to 2019, even before the COVID-19 pandemic.9 Structural and 

policy factors surrounding the pandemic only intensified disproportionate risks for and rates 

of SARS-CoV-2 infection, overdose, and HCV and/or HIV among PWID,10 especially in 

the South and rural areas.11,12 Overdose rates accelerated during the COVID-19 pandemic, 

contributing to a record number of deaths in a 12-month period13––in addition to significant 

disruptions in HIV and HCV screening, testing, and treatment for PWID.12,14

Complicating disproportionate rates of infectious disease and overdose, PWID report greater 

difficulty accessing nonjudgmental and high-quality health care, especially in rural areas 

of the United States, Appalachia, and the United States South.12,15,16 Some of the reasons 

that have been attributed to the gaps in health care access among rural PWID include: 

fewer substance use services, including syringe service programs (SSPs), fewer health 

professionals, including physicians who specialize in addiction medicine, transportation 

barriers,17 and greater stigma toward PWID.15,16,18,19 The combination of increased risks 

for and susceptibility to infections, other negative health sequelae of criminalized substance 

use, and reduced access to care are evident in increased costs associated with IDU-related 

health care needs. For example, HCV treatment has become increasingly effective and 

cost-effective in recent years, with particular improvements in cost-effectiveness seen when 

treatment uptake is increased among PWID.20 Some estimates of the savings associated 

with eliminating HCV in the United States are as high as $6.5 billion (U.S.D.) annually, in 

addition to the financial benefits of increased labor productivity.21 Researchers calculating 

the costs and financial benefits of eliminating HCV recognize the role of expanding harm 

reduction approaches, including SSPs in reducing infection-related costs.21

In addition to expanding access to infection and substance use disorder treatment, provision 

of adequate safer drug consumption supplies helps prevent the spread of HIV and HCV, as 

well as reduces risks for endocarditis, overdose, and other negative health consequences of 
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substance use.22–24 Yet, the availability of SSPs varies widely across much of rural America. 

As a result, sharing or reusing equipment, such as syringes, cookers, filters (cottons), 

water, and tourniquets among PWID, is common. Specifically, these situations––along with 

injecting from the same liquefied drug solution––confer an increased risk of bloodborne 

pathogen transmission.2,23,25–31 Given the known risks of multiperson use of injecting 

equipment, a large body of evidence demonstrates the protective public health benefits 

of SSPs, which provide PWID with sterile syringes and other safer drug consumption 

supplies in order to prevent reuse.23,32,33 SSPs are recognized by the Centers for Disease 

Control and Prevention (CDC) as 1 of 10 evidence-based strategies for preventing overdose 

deaths.32 Community-based, mobile SSPs are particularly effective at reducing barriers, such 

as transportation,17 that affect rural PWID.34 Specifically, mobile distribution of safer drug 

consumption supplies can increase access to services35 by addressing transportation and 

other barriers to harm reduction that are greater in rural areas.17 However, PWID in rural 

areas may be less aware of SSPs.36

SSPs that adhere to evidence-based best practices and offer sufficient supplies for 

participants to use sterile items with each injection34,37 are more widely available in urban, 

Northern, and coastal areas as compared to rural, Southern, and Appalachian regions.36,38,39 

A recent study found that people with HCV in rural areas lived farther from SSPs compared 

to those in urban areas.24 The proportion of people with HCV living nearer to an SSP was 

lowest in the South.24 Secondary exchange of safer injecting supplies, in which someone 

receives supplies from an SSP and distributes them to others, reduces the risk of certain 

infections, including HIV.40–43 Secondary exchange is thought to be particularly key to 

syringe access in rural areas.33

Existing research about rural syringe access and SSP use, particularly in Southern 

Appalachia, is limited. Two recent studies found that Appalachian PWID who exclusively 

obtained syringes at SSPs were more likely to use a new syringe every time they inject44 and 

accessing syringes at an SSP reduced the likelihood of receptive syringe sharing; a known 

risk factor for HIV and HCV.44 Since the beginning of the COVID-19 pandemic, mobile 

distribution efforts by harm reductionists in 1 NC Appalachian county demonstrated the 

feasibility of maintaining access to safer drug consumption supplies for PWID who would 

otherwise lack it.12

Law enforcement (LE) surveillance, presence, and harassment of PWID threaten the 

success of SSPs and harm reduction efforts.45–50 A recent survey of rural Appalachian 

PWID indicated fear of arrest as the greatest barrier to using a new syringe for every 

injecting episode.51 Approaches to policing that emphasize punishment for misdemeanor-

level crimes, such as trespassing and loitering, are associated with reduced use of 

SSPs,47,48,52 and policing activity around SSPs is associated with arrests for possession of 

legal, safe injecting supplies, increased risk behavior, such as syringe sharing, increased 

infectious disease transmission, and increased overdose deaths.47,48,50,53,54 A recent 

systematic review found associations between policing and HIV risk behaviors and noted 

an underrepresentation of low-income settings, making the current study among rural, low-

income PWID an important contribution.55
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Our objective was to better understand factors associated with syringe access and sharing 

among a sample of PWID living in rural Appalachian NC. We specifically examined the 

most common sources of syringes and associations between perceived ease of access and 

demographic factors, such as gender, syringe use behaviors, LE interactions, and geographic 

accessibility. These topics are timely and compelling given the greater prevalence of 

overdose, greater risks for dual HIV/HCV outbreaks, and higher rates of opioid use disorder 

diagnoses in the United States South, Appalachia, and rural areas.39,56–58

METHODS

Setting

Data for this study were collected from participants recruited from the far western counties 

of North Carolina (NC), a region of Appalachia identified by the CDC as being at 

increased risk for dual HIV/HCV outbreaks related to IDU.57 Eight counties (Public Health 

Region 1) were included: Cherokee, Clay, Graham, Haywood, Jackson, Macon, Swain, and 

Transylvania. The Index of Relative Rurality for these 8 counties ranged from 0.49 to 0.55, 

indicating a moderate to high degree of rurality, where scores closer to 1 indicate greater 

rurality.59–61 The North Carolina Department of Health and Human Services vulnerability 

assessment identified these 8 counties as having high rates of acute HCV infection, chronic 

HCV, and opioid overdose fatalities.62 At the time of this study, 3 of the 8 counties 

(Haywood, Jackson, and Macon) hosted SSPs.

Participants

Eligibility criteria included a minimum age of 18 years, ability to speak English, currently 

residing in a study county, and reporting injection of any substance in the past 30 days (eg, 

heroin, other opioids, methamphetamine, and other nonprescribed drugs).

Recruitment

Participants were recruited using respondent-driven sampling, which is a coupon-based 

chain-referral sampling approach. “Seeds” (initial recruits) were either participants in 

qualitative interviews conducted during a formative phase or persons recruited from flyers 

who met eligibility requirements and consented to participate. Each seed and subsequent 

recruit received up to 4 coupons to distribute to peers they thought might be eligible. 

We calculated unadjusted and adjusted average network sizes, homophily, and population 

weights for participants who did not report obtaining syringes from pharmacies and those 

who did report obtaining syringes from pharmacies (Table S1). Due to the large number of 

seeds (n = 71), many of which were unproductive, we did not use weighted data in any of 

our analyses.63–68 Participants received $25 for each coupon they distributed that resulted in 

an eligible recruit.

Data collection

Data were collected from February 2019 through mid-March 2020 (coinciding with the 

COVID-19 public health emergency declaration in NC). Local health departments in 

Jackson and Cherokee counties provided space in their facilities, where study questionnaires 

were administered using audio computer-assisted self-interview (ACASI) technology, 
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which has been shown to increase reporting of potentially embarrassing and stigmatizing 

behaviors.69,70 Prior to beginning the questionnaire, participants completed a screener to 

ensure everyone who started the questionnaire met eligibility criteria.

Measures

Most domains (eg, age, race, ethnicity, lifetime drug use, recent drug use, frequency of 

injection, syringe acquisition, substance use disorder treatment experiences, and criminal 

justice involvement) were assessed using items developed as part of a CDC cooperative 

agreement across multiple study sites. These other sites assessed these same variables in 

their respective geographic areas (interested readers can contact the second author for a copy 

of the study questionnaire).

Demographic variables—Participants reported age, gender, education, race, ethnicity, 

and the zip code in which they slept most often in the past 30 days.

Law interactions—Participants reported how many times in the past 6 months LE had 

stopped and searched them, their car, or their belongings and how often they had been 

arrested and booked for any offense(s), excluding minor traffic violations.

Sources of syringes—Participants reported whether they obtained needles (yes/no) from 

the following sources in the past 30 days: a pharmacy, SSP, secondary exchanger, farm 

supply store, veterinary practice, person selling drugs or syringes, partner or relative, friend 

or acquaintance, or found needles. For the same 30-day window, participants also identified 

the source from which they obtained most of their syringes or needles and reported how 

many times they obtained syringes from a pharmacy and/or an SSP. The current street price 

of a syringe in their community (in dollars) was also queried.

Ease of syringe access—Perceived ease of access was measured with 1 item that asked 

how strongly participants agreed with the following statement, “It’s easy for me to get new, 

clean syringes or needles.” Responses ranged from 0 = “strongly disagree” to 4 = “strongly 

agree”; the midpoint option was 2 = “uncertain.” Participants also reported how close the 

nearest syringe or needle exchange program was to where they lived; responses included: 1 

= they could walk or drive there in less than 30 minutes or a mobile program comes close 

to where they lived, 2 = they could drive there in 30–60 minutes, or 3 = more than an hour 

drive or no syringe access program in their community.

Injection behaviors—Participants reported, on average, how often they injected any 

drug in the last 30 days; responses ranged from “never” to “more than 3 times per day.” 

Participants also reported how many times in the past 30 days they: (1) used a syringe or 

needle that they knew was used by somebody else (receptive syringe sharing); (2) used a 

cotton, cooker, spoon, or water for rinsing or mixing that they knew was used by somebody 

else; (3) let someone else use a cotton, cooker, spoon, or water for rinsing or mixing after 

they used it; and (4) injected drugs that somebody else prepared, mixed, or divided with a 

used syringe. Each injection behavior was measured as a continuous variable that ranged 
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from 0 to 30, with higher scores indicating a greater number of days that the participant 

engaged in each behavior.

Data analysis—Data were imported into IBM SPSS Statistics Version 26. Descriptive 

statistics were calculated to characterize the study sample and variables of interest. 

Correlation coefficients were calculated to examine the relationship between perceived 

ease of access and other measured variables. Student’s t-tests and Pearson’s chi-square 

tests, as appropriate, were calculated to examine whether there were significant differences 

between groups. Linear regression was used to gauge the association between perceived 

ease of access as the dependent variable and participant demographics (age, gender, level 

of education, race, and ethnicity), number of injections per day, distance to SSP, price of 

syringes, and LE behaviors (number of times stopped and searched and number of times 

arrested and booked in the past 6 months) as independent variables. A linear regression was 

selected over a logistic regression because the outcome variable had 5 categories, including 

a middle “uncertain” category, that would not fit well into a dichotomized variable. Linear 

regressions have performed well for 5-category variables, even when the data are skewed.71 

Statistical significance was set at alpha = 0.05 for all assessments.

RESULTS

Sample characteristics

Of 350 eligible individuals recruited, 309 had injected drugs in the past 30 days and were 

included in this analysis (Table 1). Most participants resided in Jackson County (n = 181) 

or Cherokee County (n = 80). Mean participant age was 34.5 years (median = 32 years) and 

26% of participants were American Indian. Twenty-nine percent lived in a county identified 

by the CDC as at risk for a dual HIV/HCV outbreak.41

Figure 1 shows the counties where participants slept most often in the past 30 days, 

locations where SSPs serving the study region were based at the time of data collection, and 

community pharmacy locations in the study region at the time. There were 52 community 

pharmacies in the 8-county region.

Law enforcement interactions

The mean number of times participants reported that LE stopped and searched them, their 

car, or their belongings in the past 6 months was 5.17 (SD = 15.3; median = 2.0; range = 

0–180). When removing outliers (4 individuals who reported being stopped and searched 

more than 50 times in the past 6 months), the mean was 3.74 (SD = 6.8; median = 2.0; range 

= 0–50). The mean number of times participants reported being arrested and booked for 

offenses other than minor traffic violations in the past 6 months was 2.42 (SD = 7.3; median 

= 1.0; range = 0–95). When removing 1 outlier (an individual who reported being arrested 

and booked 95 times in the past 6 months), the mean was 1.94 (SD = 3.0; median = 1.0; 

range = 0–25).
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Sources and price of syringes

Table 1 presents the sources where participants reported getting syringes at any time during 

the past 30 days, with pharmacies and SSPs being endorsed most often. The places where 

participants reported getting the most syringes during the past 30 days also were pharmacies 

(37.5%), SSPs (27.8%), friends/acquaintances (11.7%), and secondary exchangers (10.4%). 

In terms of frequency, participants obtained syringes from SSPs 7.6 times on average (SD = 

8.3; range = 0–30) and from pharmacies 4.9 times on average (SD = 6.4; range = 0–30) over 

the past 30 days. The mean reported “street price” of syringes was $3.40 and ranged from $0 

(n = 11) to $22 (n = 1).

Ease of syringe access

Participants’ mean level of agreement that it was easy for them to get new, clean syringes 

was 2.85 (SD = 1.4; median = 3). Sixty-nine percent (n = 213) somewhat or strongly agreed 

that it was easy to get clean syringes. Over half of participants (n = 178, 57.6%) reported 

that a mobile SSP came close to where they lived or that they could walk or drive to an 

SSP in less than 30 minutes. Forty-three (13.9%) participants reported that they had to drive 

30–60 minutes to an SSP, and 87 (28.2%) reported that they had to drive more than an hour 

to an SSP or that there was no SSP close to them. Only distance to SSP was significant in 

the regression model (P<.001) predicting perceived ease of access, with a longer distance 

to the SSP being negatively associated with perceived syringe access when controlling for 

other variables (Table 2).

Sources of syringes and perceived ease of access

Participants perceived greater ease of access to sterile syringes when they reported getting 

syringes from an SSP (Table 3). In contrast, participants perceived lower ease of access 

when they reported getting syringes from a dealer/seller, friend/acquaintance, or found 

syringes in the past 30 days. The further participants had to travel to reach an SSP or receive 

syringes from an SSP, the less likely they were to report perceiving easy access to syringes 

(Pearson correlation = −0.35, P<.001).

Sources of syringes and law enforcement interactions

Participants reported being stopped and searched significantly more often over the past 6 

months if they obtained syringes from an SSP, secondary exchanger, or a person who sells 

drugs or syringes. Specifically, participants who obtained syringes from an SSP reported 

being stopped and searched 5.39 times, on average, compared to 2.90 times if they did 

not obtain syringes from an SSP (P = .004). Similarly, participants who obtained syringes 

from a person who sells drugs or syringes reported being stopped and searched 6.23 times 

compared to 3.33 times if they did not obtain syringes from that source (P<.01). Participants 

who obtained syringes from a secondary exchanger reported being stopped and searched 

5.08 times compared to 3.29 times if they did not obtain syringes from that source (P<.05). 

Interactions with LE were not significantly correlated with participants’ perceptions of ease 

of access to syringes.
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Injection and injecting supply sharing behaviors

There was a fairly even distribution in how many times per day participants injected drugs 

over the past 30 days; 24.6% (n = 76) injected more than 3 times per day, 23% (n = 71) 

injected 2–3 times per day, 25.2% (n = 78) injected daily, and 27.2% (n = 84) injected less 

than daily. As a whole, participants reported sharing used injection supplies (mean = 10.75; 

SD = 21.34) more than twice as often as sharing used syringes (mean = 4.51; SD = 11.2).

Sharing behaviors and demographic variables

A slight majority of participants (54.7%) reported that they had not engaged in receptive 

syringe sharing in the past 30 days. On average, women reported engaging in all sharing 

behaviors more than men, but only 1 behavior reached statistical significance with women 

(mean = 12.59) being significantly more likely than men (mean = 7.67) to inject drugs that 

somebody else prepared, mixed, or divided with a used syringe (P = .02). Additionally, 

participants who were younger (Pearson correlation = −0.21, P<.001) reported injecting 

drugs that somebody else prepared, mixed, or divided with a used syringe more often.

Sharing behaviors and ease of access

The more participants agreed that it was easy to get sterile syringes, the less likely they were 

to report using a syringe someone else had used (Pearson correlation = −0.18, P<.01). Ease 

of syringe access was not significantly associated with any other sharing behaviors. Neither 

the price of syringes nor the distance traveled to reach an SSP were significantly associated 

with sharing behaviors.

Sharing behaviors and law enforcement interactions

Only 1 sharing behavior was significantly associated with LE interactions. In this sample, 

being stopped and searched was positively correlated with injecting drugs that somebody 

else prepared, mixed, or divided with a used syringe (Pearson correlation = 0.17, P<.01).

DISCUSSION

This study sought to examine the relationships between syringe sources, perceived ease of 

access to sterile syringes, and various structural and contextual factors for rural Appalachian 

PWID. Like 1 other study conducted in a rural Appalachian county,72 our results confirm 

the importance of SSPs: people who were able to obtain syringes from SSPs reported 

that it was easier to access sterile syringes, and individuals who reported easier access to 

sterile syringes were less likely to report sharing used syringes. The study findings also 

raise concerns about consistent access to sterile syringes, since individuals reported lower 

perceived ease of syringe access if they obtained syringes from persons who sell drugs or 

syringes, partners, friends, or found syringes.

Our findings highlight complexities in syringe access in this rural Appalachian area. We 

found that, overall, people obtained the most syringes from pharmacies in the past 30 days, 

but obtained syringes more frequently from SSPs. A possible reason for this is the greater 

number and geographic distribution of pharmacies in the region (n = 52) compared with 

just 3 SSPs. However, the presence of pharmacies does not necessarily equate with greater 
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syringe access. Although pharmacies have been identified as important sources of syringes 

for PWID,73 research has also documented that pharmacies often do not sell syringes to 

individuals who do not have a prescription for an injectable medication, and that PWID 

report stigmatizing interactions at pharmacies.51,74–77 For example, a study conducted in 

West Virginia with a similar population identified difficulty with purchasing syringes from 

a pharmacy as one of the greatest barriers to syringe access.51 Given the stigmatized 

nature of these topics and the limitations of quantitative research for exploring complex and 

stigmatized topics, future research to examine individuals’ experiences purchasing syringes 

at pharmacies and perceived ease of access to sterile supplies is warranted and may benefit 

from a qualitative approach.78–82

The current study found that friends and acquaintances were the third most common source 

of syringes. This finding is similar to a study of urban PWID in San Francisco, which 

found that friends were the second most common source of syringes.73 In our rural sample, 

individuals who obtained sterile syringes from their friends also reported lower ease of 

access. Possible reasons for this finding include that PWID may obtain sterile syringes from 

a friend when they are unable to access an SSP or pharmacy first. People who obtained 

syringes from secondary exchangers were more likely to report being stopped and searched 

by LE. Given that earlier research found secondary exchange was an important source of 

new syringes for rural PWID,13 the apparent association between accessing syringes through 

secondary exchange and encountering LE harassment is a cause for concern.

Many participants in the study sample had access to SSPs, even though only 3 SSPs were 

operating at the time of data collection and served a 3,482 square mile area. The importance 

of access to SSPs in rural areas was supported by the association between traveling farther 

to receive syringes from an SSP and lower perceived ease of access to sterile syringes. 

These findings highlight the positive impact that SSPs can have on syringe access in rural 

areas. Unfortunately, many rural communities do not have similar levels of access to SSPs, 

particularly in southern and central Appalachia.17,33,44

The current study found levels of receptive syringe sharing (43.5%) that were nearly 

identical to another recent study conducted with a rural Appalachian population in West 

Virginia.72 In that study, 43% of participants reported receptive syringe sharing in the past 

6 months; this sharing behavior was higher among participants who reported not having 

accessed an SSP. Women in our sample were more likely to inject substances that someone 

else had prepared, mixed, or divided with a used syringe. This finding is consistent with the 

body of literature that many cis-women begin injecting with an intimate partner or someone 

else preparing the shot for them or directly injecting them.83 Existing research suggests that 

women are more likely than men to report their first and early experiences of IDU involve 

being injected by an intimate partner.83,84 Harm reduction research suggests that women 

who learn to prepare their own drugs and inject themselves may be better protected from 

infectious disease transmission.84

Results from this study highlighted that participants in our sample were more likely to 

share injection supplies than to share syringes. Similarly, another study found that PWID 

reported sharing cookers, cotton, or water more often than sharing syringes.73 Possible 
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explanations for this finding include that there may be greater access to sterile syringes than 

to other injection supplies in the region, and/or PWID in the region might lack awareness 

of the dangers of sharing injection supplies other than syringes. For decades, public health 

messaging based on harm reduction research has emphasized not sharing syringes but has 

not placed as much emphasis on the importance of not sharing other injection supplies. 

Though the World Health Organization has reported since 2004 that injection supplies 

other than syringes can also transmit HIV, and similar findings are well-documented for 

HCV,23,25,26,85,86 many PWID seem less aware of this. Alternatively, PWID share cookers 

and cottons because these items contain residual drug solution. PWID may share liquefied 

drug solutions because it is extremely difficult to divide small amounts of powder accurately, 

while it is relatively easy to divide small amounts of liquid accurately with a syringe.87–89

Although we found that SSPs improved access to sterile syringes for rural PWID, LE 

interactions, such as stop and search behaviors, may undermine SSPs’ positive public health 

impacts, which is similar to what has been reported among PWID in urban areas.45–50 The 

current study’s results also suggest that LE stop and search behaviors were associated with 

injecting substances someone else had prepared with used supplies, which could further 

increase HIV and HCV risks. These findings are in line with a growing body of literature 

on how LE presence near SSPs contributes to riskier injecting behavior and how fear of 

arrest may deter PWID from obtaining new syringes45–50,55 or using a new needle for every 

injection.51

Study results revealed that the distance PWID needed to travel to obtain sterile syringes 

was significantly related to perceptions of ease of access to sterile syringes. Similarly, a 

study conducted in a rural Appalachian county in West Virginia found that having access 

to sterile syringes protected against receptive syringe sharing.72 This relationship between 

syringe access and receptive sharing has also been found in urban populations.90 Reducing 

distances to SSPs would likely improve perceived access to sterile syringes for PWID in 

rural Appalachian NC and similar settings, which has the potential to reduce the spread 

of infectious diseases and prevent dual HIV-HCV outbreaks. To maximize syringe access, 

efforts to support infrastructure for rural SSPs, including support for mobile distribution, 

may need to be coupled with interventions to reduce barriers to obtaining syringes from 

pharmacies.

Limitations

This study has some limitations that should be taken into consideration in interpreting the 

results. First, all data are cross-sectional, so we cannot determine whether the significant 

associations we described are causal in nature. Cohort studies with rural Appalachian 

PWID could help elucidate the relationship between LE interactions and syringe sharing 

behaviors. We also cannot generalize study results beyond the 8-county region of study, 

and in particular, the 2 counties in which most study participants had slept most in the past 

30 days. Though recruitment resulted in a diverse sample, there could have been selection 

bias, whereby individuals who participated could have been systematically different from 

the general PWID population. For example, participants in our sample may have had greater 

access to SSPs than the general population of rural PWID. Also, survey questions had been 

Carpenter et al. Page 10

J Rural Health. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



used previously with populations of PWID and were administered via ACASI to reduce 

social desirability bias; however, some questions may not have been fully understood by 

participants.

CONCLUSIONS

Our findings have implications for both the distribution of sterile syringes and public 

health messaging priorities for organizations that educate PWID about syringe use. SSPs, 

particularly those with mobile services, may reduce barriers to sterile syringe access 

among rural PWID. Thus, federal and state efforts to reduce HIV/HCV transmission in 

rural areas should increase access to SSPs and consider funding mobile units. Due to 

pharmacies being common sources of syringes, it is important to address stigma through 

training of pharmacists and promotion of store policies that allow for sale of syringes 

without restrictions. In addition, because individuals in our sample were much more likely 

to share injection supplies other than syringes, at a local level, SSPs and other harm 

reduction organizations should educate PWID about the importance of not sharing injection 

supplies. More broadly, it may be worthwhile to promote larger scale targeted public health 

messaging about the importance of not sharing injection supplies, since many rural residents 

do not have access to SSPs or other harm reduction organizations. In terms of future 

research, examining the relationship between LE stop and search behaviors, syringe sources, 

and syringe sharing behaviors also warrants greater investigation. In the meantime, LE 

entities should be educated not to interfere with the public health benefits of SSPs for 

preventing infectious disease transmission by reducing syringe and syringe supply sharing 

behaviors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGMENT

We would like to thank Kibri Hutchison Everett for assistance with creation of our map. This research was funded 
under a cooperative agreement (UG3DA044823) co-sponsored by the Centers for Disease Control and Prevention, 
the National Institute on Drug Abuse, the Appalachian Regional Commission, and the Substance Abuse and Mental 
Health Services Administration.

Funding information

Centers for Disease Control and Prevention; National Institutes of Health, Grant/Award Number: UG3DA044823

DISCLOSURES

DME received research grant funding (to UNC) from Gilead Sciences Inc and Merck Sharp and Dohme in the last 
12 months. CBH has worked on clinical trials not related to the topic of this paper that were sponsored by Gilead 
Sciences (ClinicalTrials.gov NCT02842086) and Regeneron Pharmaceuticals (NCT04452318).

REFERENCES

1. McDonald R, Campbell ND, Strang J. Twenty years of take-home naloxone for the prevention of 
overdose deaths from heroin and other opioids–conception and maturation. Drug Alcohol Depend. 
2017;178:176–187. [PubMed: 28654870] 

Carpenter et al. Page 11

J Rural Health. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://ClinicalTrials.gov
https://clinicaltrials.gov/ct2/show/NCT02842086
https://clinicaltrials.gov/ct2/show/NCT04452318


2. Bulled N, Singer M. Syringe-mediated syndemics. AIDS Behav. 2009;15(7):1539–1545.

3. Koblin BA, Factor SH, Wu Y, Vlahov D. Hepatitis C virus infection among noninjecting drug users 
in New York City. J Med Virol. 2003;70(3):387–390. [PubMed: 12767001] 

4. Mann B Overdose Deaths Surged in Pandemic, As More Drugs Were Laced With Fentanyl. 
NPR.org. 2021. https://www.npr.org/sections/health-shots/2021/04/22/989833102/overdose-deaths-
surged-in-pandemic-as-more-drugs-were-laced-with-fentanyl. Accessed April 22, 2021.

5. Hofmeister MG, Rosenthal EM, Barker LK, et al. Estimating prevalence of hepatitis C 
virus infection in the United States, 2013–2016. Hepatology. 2019;69(3):1020–1031. [PubMed: 
30398671] 

6. Grebely J, Larney S, Peacock A, et al. Global, regional, and country-level estimates of hepatitis 
C infection among people who have recently injected drugs. Addiction. 2019;114(1):150–166. 
[PubMed: 30035835] 

7. Bradley H, Hall EW, Rosenthal EM, Sullivan PS, Ryerson AB, Rosenberg ES. Hepatitis C virus 
prevalence in 50 U.S. States and D.C. by sex, birth cohort, and race: 2013–2016. Hepatol Commun. 
2020;4(3):355–370. [PubMed: 32140654] 

8. Centers for Disease Control and Prevention. Estimated HIV Incidence and Prevalence in the United 
States, 2015–2019. HIV Surveillance Supplemental Report. 2021. http://www.cdc.gov/hiv/library/
reports/hiv-surveillance.html. Accessed January 25, 2022.

9. Mattson CL, Tanz LJ, Quinn K, Kariisa M, Patel P, Davis NL. Trends and geographic patterns in 
drug and synthetic opioid overdose deaths — United States, 2013–2019. Morb Mortal Wkly Rep. 
2021;70(6):202–207.

10. Centers for Disease Control and Prevention. Recent HIV Clusters and Outbreaks Across the 
United States Among People Who Inject Drugs and Considerations During the COVID-19 
Pandemic. CDC Health Advisory. 2020. https://emergency.cdc.gov/han/2020/han00436.asp. 
Accessed January 25, 2022.

11. Bolinski RS, Walters S, Salisbury-Afshar E, et al. The impact of the COVID-19 pandemic on drug 
use behaviors, fentanyl exposure, and harm reduction service support among people who use drugs 
in rural settings. Int J Environ Res Public Health. 2022;19(4):2230. [PubMed: 35206421] 

12. Ostrach B, Buer LM, Armbruster S, Brown H, Yochym G, Zaller N. COVID-19 and rural 
harm reduction challenges in the US southern mountains. J Rural Health. 2021;37(1):252–255. 
[PubMed: 32652621] 

13. Centers for Disease Control and Prevention. Increase in Fatal Drug Overdoses across the United 
States Driven by Synthetic Opioids Before and During the COVID-19 Pandemic. 2020. https://
emergency.cdc.gov/han/2020/han00438.asp Accessed May 9, 2022

14. Behrends CN, Lu X, Corry GJ, et al. Harm reduction and health services provided by syringe 
services programs in 2019 and subsequent impact of COVID-19 on services in 2020. Drug 
Alcohol Depend. 2022;232:109323. [PubMed: 35124386] 

15. Schranz AJ, Barrett J, Hurt CB, Malvestutto C, Miller WC. Challenges facing a rural opioid 
epidemic: treatment and prevention of HIV and hepatitis C. Curr HIV/AIDS Rep. 2018;15(3):245–
254. [PubMed: 29796965] 

16. Paquette CE, Syvertsen JL, Pollini RA. Stigma at every turn: health services experiences among 
people who inject drugs. Int J Drug Policy. 2018;57:104–110. [PubMed: 29715589] 

17. Allen ST, Grieb SM, O’Rourke A, et al. Understanding the public health consequences of 
suspending a rural syringe services program: a qualitative study of the experiences of people 
who inject drugs. Harm Reduct J. 2019;16(1):33. [PubMed: 31109339] 

18. Pollini RA, Paquette CE, Drvar T, et al. A qualitative assessment of discharge against medical 
advice among patients hospitalized for injection-related bacterial infections in West Virginia. Int J 
Drug Policy. 2021;94:103206. [PubMed: 33765516] 

19. Muncan B, Walters SM, Ezell J, Ompad DC. “They look at us like junkies”: influences of drug use 
stigma on the healthcare engagement of people who inject drugs in New York City. Harm Reduct 
J. 2020;17(1):53. [PubMed: 32736624] 

20. Bennett H, Gordon J, Jones B, et al. Hepatitis C disease transmission and treatment uptake: 
impact on the cost-effectiveness of new directacting antiviral therapies. Eur J Health Econ. 
2017;18(8):1001–1011. [PubMed: 27803989] 

Carpenter et al. Page 12

J Rural Health. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://NPR.org
https://www.npr.org/sections/health-shots/2021/04/22/989833102/overdose-deaths-surged-in-pandemic-as-more-drugs-were-laced-with-fentanyl
https://www.npr.org/sections/health-shots/2021/04/22/989833102/overdose-deaths-surged-in-pandemic-as-more-drugs-were-laced-with-fentanyl
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html
https://emergency.cdc.gov/han/2020/han00436.asp
https://emergency.cdc.gov/han/2020/han00438.asp
https://emergency.cdc.gov/han/2020/han00438.asp


21. Saab S, Le L, Saggi S, Sundaram V, Tong MJ. Toward the elimination of hepatitis C in the United 
States. Hepatology. 2018;67(6):2449–2459. [PubMed: 29181853] 

22. Goedel WC, King MRF, Lurie MN, et al. Implementation of syringe services programs to 
prevent rapid human immunodeficiency virus transmission in rural counties in the United States: a 
modeling study. Clin Infect Dis. 2020;70(6):1096–1102. [PubMed: 31143944] 

23. Wodak A, Cooney A. Effectiveness of Sterile Needle and Syringe Programming in Reducing 
HIV/AIDS among Injecting Drug Users. World Health Organization; 2004.

24. Canary L, Hariri S, Campbell C, et al. Geographic disparities in access to syringe services 
programs among young persons with hepatitis C virus infection in the United States. Clin Infect 
Dis. 2017;65(3):514–517. [PubMed: 28402431] 

25. Arkell C, Anderson S. Bleach: Should It Be Recommended to Disinfect Needles and Syringes? 
Canadian AIDS Treatment Information Exchange; 2016.

26. Hagan H, Thiede H. Does bleach disinfection of syringes help prevent hepatitis C virus 
transmission? Epidemiology. 2003;14(5):628–629. [PubMed: 14501280] 

27. Zule WA. Low dead-space syringes for preventing HIV among people who inject drugs: promise 
and barriers. Curr Opin HIV AIDS. 2012;7(4):369–375. [PubMed: 22627710] 

28. Rafful C, Zule W, González-Zúñiga PE, et al. High dead-space syringe use among people who 
inject drugs in Tijuana, Mexico. Am J Drug Alcohol Abuse. 2015;41(3):220–225. [PubMed: 
25695145] 

29. Broz D, Zibbell J, Foote C, et al. Multiple injections per injection episode: high-risk injection 
practice among people who injected pills during the 2015 HIV outbreak in Indiana. Int J Drug 
Policy. 2018;52:97–101. [PubMed: 29278838] 

30. Gyarmathy VA, Neaigus A, Li N, et al. Liquid drugs and high dead space syringes may keep 
HIV and HCV prevalence high – a comparison of Hungary and Lithuania. Eur Addict Res. 
2010;16(4):220–228. [PubMed: 20798543] 

31. Buer LM, Ostrach B. Bleach Rinsing Effectiveness for HIV & Hep C Transmission Prevention. 
Choice Health Network Harm Reduction & Steady Collective. 2020.

32. Carroll J, Green T, Noonan R. Evidence-Based Strategies for Preventing Opioid Overdose: What’s 
Working in the United States, 2018. Centers for Disease Control; 2018.

33. Jarlais DCD, Nugent A, Solberg A, Feelemyer J, Mermin J, Holtzman D. Syringe service programs 
for persons who inject drugs in urban, sub-urban, and rural areas—United States, 2013. Morb 
Mortal Wkly Rep. 2015;64(48):1337–1341.

34. Strike C, Miskovic M. Scoping out the literature on mobile needle and syringe programs—review 
of service delivery and client characteristics, operation, utilization, referrals, and impact. Harm 
Reduct J. 2018;15(1):6. [PubMed: 29422042] 

35. Strike CJ, Challacombe L, Myers T, Millson M. Needle exchange programs: delivery and access 
issues. Can J Public Health. 2002;93(5):339–343. [PubMed: 12353453] 

36. Lancaster KE, Cooper HLF, Browning CR, Malvestutto CD, Bridges JFP, Young AM. Syringe 
service program utilization, barriers, and preferences for design in rural Appalachia: differences 
between men and women who inject drugs. Subst Use Misuse. 2020;55(14):2268–2277. [PubMed: 
32748730] 

37. Javed Z, Pegram L, Burk K, Ali A, Facente S, Asher A. A Technical Package of Effective 
Strategies and Approaches for Planning, Design, and Implementation. 2020.

38. NASEN. SEP Locations: NASEN Directory. 2021. https://nasen.org Accessed April 23, 2021

39. Bixler D, Corby-Lee G, Proescholdbell S, et al. Access to syringe services programs — Kentucky, 
North Carolina, and West Virginia, 2013–2017. Morb Mortal Wkly Rep. 2018;67(18):529–532.

40. Behrends CN, Li CS, Gibson DR. Decreased odds of injection risk behavior associated with direct 
versus indirect use of syringe exchange: evidence from two California cities. Subst Use Misuse. 
2017;52(9):1145–1153.

41. Murphy S, Kelley MS, Lune H. The health benefits of secondary syringe exchange. J Drug Issues. 
2004;34(2):245–268.

42. Stopka T. Editor’s introduction to this special issue on syringe access and secondary syringe 
exchange: international perspectives and future directions. Subst Use Misuse. 2006;41(6–7):771–
776.

Carpenter et al. Page 13

J Rural Health. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://nasen.org


43. Strike C, Cavalieri W, Bright R, Myers T, Calzavara L, Millson M. Syringe acquisition, peer 
exchange and HIV risk. Contemp Drug Probl. 2005;32(2):319–340.

44. Allen ST, White RH, O’Rourke A, et al. Syringe coverage among people who inject drugs in West 
Virginia, USA. AIDS Behav. 2021;25(10), 3377–3385. [PubMed: 33886011] 

45. Beletsky L, Agrawal A, Moreau B, Kumar P, Weiss-Laxer N, Heimer R. Police training to align 
law enforcement and HIV prevention: preliminary evidence from the field. Am J Public Health. 
2011;101(11):2012–2015. [PubMed: 21940924] 

46. Beletsky L, Macalino GE, Burris S. Attitudes of police officers towards syringe access, 
occupational needle-sticks, and drug use: a qualitative study of one city police department in 
the United States. Int J Drug Policy. 2005;16(4):267–274.

47. Beletsky L, Lozada R, Gaines T, et al. Syringe confiscation as an HIV risk factor: the public 
health implications of arbitrary policing in Tijuana and Ciudad Juarez, Mexico. J Urban Health. 
2013;90(2):284–298. [PubMed: 22806453] 

48. Beletsky L, Heller D, Jenness SM, Neaigus A, Gelpi-Acosta C, Hagan H. Syringe access, syringe 
sharing, and police encounters among people who inject drugs in New York City: a community-
level perspective. Int J Drug Policy. 2014;25(1):105–111. [PubMed: 23916801] 

49. Beletsky L, Cochrane J, Sawyer AL, et al. Police encounters among needle exchange clients 
in Baltimore: drug law enforcement as a structural determinant of health. Am J Public Health. 
2015;105(9):1872–1879. [PubMed: 26180948] 

50. Banta-Green CJ, Beletsky L, Schoeppe JA, Coffin PO, Kuszler PC. Police officers’ and 
paramedics’ experiences with overdose and their knowledge and opinions of Washington State’s 
drug overdose–naloxone–Good Samaritan law. J Urban Health. 2013;90(6):1102–1111. [PubMed: 
23900788] 

51. Davis SM, Kristjansson AL, Davidov D, Zullig K, Baus A, Fisher M. Barriers to using new needles 
encountered by rural Appalachian people who inject drugs: implications for needle exchange. 
Harm Reduct J. 2019;16(1):23. [PubMed: 30940136] 

52. Linton SL, Cooper HL, Kelley ME, et al. Cross-sectional association between ZIP code-level 
gentrification and homelessness among a large community-based sample of people who inject 
drugs in 19 US cities. BMJ Open. 2017;7(6):e013823.

53. Khatiwoda P, Proeschold-Bell RJ, Meade CS, Park LP, Proescholdbell S. Facilitators and barriers 
to naloxone kit use among opioid-dependent patients enrolled in medication assisted therapy 
clinics in North Carolina. N C Med J. 2018;79(3):149–155. [PubMed: 29735615] 

54. Bohnert A, Nandi A, Tracey M, et al. Policing and risk of overdose mortality in urban 
neighborhoods. Drug Alcohol Depend. 2011;113:62–68. [PubMed: 20727684] 

55. Baker P, Beletsky L, Avalos L, et al. Policing practices and risk of HIV infection among people 
who inject drugs. Epidemiol Rev. 2020;42(1):27–40. [PubMed: 33184637] 

56. Flavin L, Malowney M, Patel NA, et al. Availability of buprenorphine treatment in the 10 states 
with the highest drug overdose death rates in the United States. J Psychiatr Pract. 2020;26(1):17–
22. [PubMed: 31913966] 

57. Van MH, Rose CE, Hallisey EJ, et al. County-level vulnerability assessment for rapid 
dissemination of HIV or HCV infections among persons who inject drugs, United States. J Acquir 
Immune Defic Syndr. 2016;73(3):323–331. [PubMed: 27763996] 

58. Gale JA, Hansen A, Williamson ME. Rural Opioid Prevention and Treatment Strategies: The 
Experience in Four States. Maine: Rural Health Research Center; 2017.

59. Bennett KJ, Borders TF, Holmes GM, Kozhimannil KB, Ziller E. What is rural? Challenges 
and implications of definitions that inadequately encompass rural people and places. Health Aff 
(Millwood). 2019;38(12):1985–1992. [PubMed: 31794304] 

60. Kaiser Family Foundation. Rurality in the United States, by County (Using Index of Relative 
Rurality). 2017. https://public.tableau.com/app/profile/kffdata/viz/RuralityintheU_S_byCounty/
RuralityintheUnitedStatesbyCounty. Accessed January 25, 2022.

61. Inagami S, Gao S, Karimi H, Shendge MM, Probst JC, Stone RA. Adapting the Index of Relative 
Rurality (IRR) to estimate rurality at the ZIP code level: a rural classification system in health 
services research. J Rural Health. 2016;32(2):219–227. [PubMed: 26397170] 

Carpenter et al. Page 14

J Rural Health. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://public.tableau.com/app/profile/kffdata/viz/RuralityintheU_S_byCounty/RuralityintheUnitedStatesbyCounty
https://public.tableau.com/app/profile/kffdata/viz/RuralityintheU_S_byCounty/RuralityintheUnitedStatesbyCounty


62. North Carolina Department of Health and Human Services. Hepatitis C in Western North Carolina. 
2016. https://epi.publichealth.nc.gov/cd/hepatitis/Region1and2_HepCAssessment102016.pdf 
Accessed December 13, 2017

63. Carlson RG, Sexton R, Wang J, Falck R, Leukefeld CG, Booth BM. Predictors of substance abuse 
treatment entry among rural illicit stimulant users in Ohio, Arkansas, and Kentucky. Subst Abuse. 
2010;31(1):1–7.

64. Draus PJ, Siegal HA, Carlson RG, Falck RS, Wang J. Cracking the cornfields: recruiting illicit 
stimulant drug users in rural Ohio. Sociol Q. 2005;46(1):165–189.

65. Iguchi MY, Ober AJ, Berry SH, et al. Simultaneous recruitment of drug users and men who 
have sex with men in the United States and Russia using respondent-driven sampling: sampling 
methods and implications. J Urban Health Bull N Y Acad Med. 2009;86(Suppl 1):5–31.

66. Wang J, Falck RS, Li L, Rahman A, Carlson RG. Respondent-driven sampling in the recruitment 
of illicit stimulant drug users in a rural setting: findings and technical issues. Addict Behav. 
2007;32(5):924–937. [PubMed: 16901654] 

67. Young AM, Rudolph AE, Havens JR. Network-based research on rural opioid use: an overview of 
methods and lessons learned. Curr HIV/AIDS Rep. 2018;15(2):113–119. [PubMed: 29457200] 

68. Zule WA, Oramasionwu C, Evon D, et al. Event-level analyses of sex-risk and injection-
risk behaviors among nonmedical prescription opioid users. Am J Drug Alcohol Abuse. 
2016;42(6):689–697. [PubMed: 27285847] 

69. Islam MM, Topp L, Conigrave KM, et al. The reliability of sensitive information provided by 
injecting drug users in a clinical setting: clinician-administered versus audio computer-assisted 
self-interviewing (ACASI). AIDS Care. 2012;24(12):1496–1503. [PubMed: 22452446] 

70. Perlis TE, Des Jarlais DC, Friedman SR, Arasteh K, Turner CF. Audio-computerized self-
interviewing versus face-to-face interviewing for research data collection at drug abuse treatment 
programs. Addiction. 2004;99(7):885–896. [PubMed: 15200584] 

71. Norris CM, Ghali WA, Saunders LD, et al. Ordinal regression model and the linear regression 
model were superior to the logistic regression models. J Clin Epidemiol. 2006;59(5):448–456. 
[PubMed: 16632132] 

72. White RH, O’Rourke A, Kilkenny ME, et al. Prevalence and correlates of receptive syringe-sharing 
among people who inject drugs in rural Appalachia. Addiction. 2021;116(2):328–336. [PubMed: 
32533612] 

73. Kim NJ, Jin H, McFarland W, Raymond HF. Trends in sources and sharing of needles among 
people who inject drugs, San Francisco, 2005–2012. Int J Drug Policy. 2015;26(12):1238–1243. 
[PubMed: 26365768] 

74. Chiarello E Nonprescription syringe sales: resistant pharmacists’ attitudes and practices. Drug 
Alcohol Depend. 2016;166:45–50. [PubMed: 27423213] 

75. Ezell JM, Walters S, Friedman SR, et al. Stigmatize the use, not the user? Attitudes on opioid use, 
drug injection, treatment, and overdose prevention in rural communities. Soc Sci Med. 2021;268: 
113470. [PubMed: 33253992] 

76. Raisch DW, Fudala PJ, Saxon AJ, et al. Pharmacists’ and technicians’ perceptions and attitudes 
toward dispensing buprenorphine/naloxone to patients with opioid dependence. J Am Pharm 
Assoc. 2005;45(1):23–32.

77. Parry RA, Zule WA, Hurt CB, Evon DM, Rhea SK, Carpenter DM. Pharmacist attitudes and 
provision of harm reduction services in North Carolina: an exploratory study. Harm Reduct J. 
2021;18(1):1–11. [PubMed: 33407500] 

78. Page JB, Singer M. Anthropological study of drug use: methodological and theoretical 
considerations. In: Kolind Torsten, Thom Betsy, Hunt Geoffrey (Eds.), The SAGE Handbook 
of Drug and Alcohol Studies. SAGE Publications Ltd; 2016:69–84.

79. Singer M Knowledge for use: anthropology and community-centered substance abuse research. 
Soc Sci Med. 1993;37(1):15–25. [PubMed: 8332920] 

80. Stutterheim S, Ratcliffe S. Understanding and addressing stigma through qualitative research: four 
reasons why we need qualitative studies. Stigma Health. 2021;6:8–19.

81. Creswell JW. Qualitative Inquiry and Research Design: Choosing among Five Approaches. 3rd ed. 
Sage Publications Ltd.; 2013.

Carpenter et al. Page 15

J Rural Health. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://epi.publichealth.nc.gov/cd/hepatitis/Region1and2_HepCAssessment102016.pdf


82. Gabbidon K, Chenneville T. Strategies to minimize further stigmatization of communities 
experiencing stigma: a guide for qualitative researchers. Stigma Health. 2021;6(1):32–42.

83. Zahnow R, Winstock AR, Maier LJ, Levy J, Ferris J. Injecting drug use: gendered risk. Int J Drug 
Policy. 2018;56:81–91. [PubMed: 29614392] 

84. Tuchman E Women’s injection drug practices in their own words: a qualitative study. Harm Reduct 
J. 2015;12(1):6. [PubMed: 25889492] 

85. Chaisson R, Osmond D, Moss A, Feldman H, Bernacki P. HIV, bleach, and needle sharing. Lancet. 
1987;329(8547):1430.

86. Gleghorn AA, Doherty MC, Vlahov D, Celentano DD, Jones TS. Inadequate bleach contact 
times during syringe cleaning among injection drug users. J Acquir Immune Defic Syndr. 
1994;7(7):767–772. [PubMed: 8207661] 

87. Grund JPC, Friedman SR, Stern LS, et al. Syringe-mediated drug sharing among injecting drug 
users: patterns, social context and implications for transmission of blood-borne pathogens. Soc Sci 
Med. 1996;42(5):691–703. [PubMed: 8685737] 

88. Koester S, Glanz J, Baron A. Drug sharing among heroin networks: implications for HIV and 
hepatitis B and C prevention. AIDS Behav. 2005;9(1):27–39. [PubMed: 15812611] 

89. Zule WA. Risk and reciprocity: HIV and the injection drug user. J Psychoactive Drugs. 
1992;24(3):243–249. [PubMed: 1432402] 

90. Adams M, An Q, Broz D, et al. Distributive syringe sharing and use of syringe services programs 
(SSPs) among persons who inject drugs. AIDS Behav. 2019;23(12):3306–3314. [PubMed: 
31512066] 

Carpenter et al. Page 16

J Rural Health. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 1. 
Locations of community pharmacies, syringe service programs, and zip codes where 

participants slept most over the past 30 days
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TABLE 1

Sample characteristics (N = 309)

Characteristic Frequency Percent

Age in years (mean, SD; range: 18–70) 34.55 10.6

Gender

 Female 148 47.9

 Male 161 52.1

Race

 African American or Black 5 1.6

 White 211 68.3

 American Indian 79 25.6

 Mixed race 11 3.6

 Other 2 0.6

 Not reported 1 0.3

Ethnicity

 Hispanic or Latino 17 5.5

Highest level of education

 Less than high school 61 19.7

 High school graduate or GED 140 45.3

 Some college 76 24.6

 Associates degree, trade, or technical school 26 8.4

 Bachelors degree or more 6 1.9

Lived in a county identified by the CDC as at risk for dual HIV/HCV outbreak42 89 28.8

Participants’ sources of syringes in the past 30 days (n = 298) 159 51.5

 Pharmacy 115 37.2

 Syringe exchange 95 30.7

 Friend or acquaintance 88 28.5

 Secondary exchanger 52 16.8

 Person who sells drugs or syringe seller 47 15.2

 Partner or relative 10 3.2

 Found needles 4 1.3

 Farm or vet supply
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